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METHGCDS OF FLASHLESS DROP FORGING
A. D. Bogdan and V. 8. Kushnikova

In large-batch and mass production, such as that of the Gorkly
Autcmoblle Factory, hot r'lashless drop forging 1s done on swaglng
nammers, horizontal forging machines and cranking hot-forge presses.

Cylindrical billlet sections are used for flashless forging.
The billets are heated in chambered and semi-continuous open-flame
furnaces or in high-induction heating units. When heating in
open-flame furnaces a partial hydraulic cleaning away of scales
from the blllets occurs before they are forged.

Hammers are usually used for flashless drop forgings of
cylindrical form, i.e., the form of gears, flanges, rings and so on.
The forging process 1s accompiished in two baric operations. 1In
the first operatiecn (on the surface area of tle forge) the billet is
subjected to swazing and in the second (in a special dle impression)
the final forging takes place. Two to three blows {rom a hammer
are used for the swaging of a billet, and for the final forglng
3-4 hammer blows are used.

The stamp for flashless forging (Flg. 1) conslists of two

hulves: the upper half, secured on the head of a hammer, and the
lower, which is secured in the anvil cap of an anvil block.
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In the lower half of the stamp there 1s set a relalning flange
and the smaller part of a groove sllt, in the uppe — a holding
cavity and the main part of the grcove, The lock has the form of
a truncated cone, the height of which 1s 50 mm and more. The
height of the lock depends upon the depth ¢ the dle D. In practical
work this dependence is represented as C « (2-2.5)D.

The diameter of the lock in the upper part of the truncated ccne
is equal to the greatest diameter of the dle with gap B equal to
0.1-0.4 mm at the side. With an increase of the diameter gap B alsc
increases. This gap 1s necesszry for compensating for the positive
tolerance deviations in the fiange retalner, which are caused by
the intense heat of the flange in the forglng process.

Fig. 1. Diagram of
construction of the
finishing groove of the
stamp for flashless drop
forging on hammers:

1 ~ upper half of the
stamp; 2 — lower half of
the stamp.

The range of diameters of the forgings done by the method of
flashless forging on hammers 1s limited to 75-200 mm,

The lateral surface of the lock 1s made with an inclination a
of 3-5O which serves as a kind of catch of the upper half of the
press at the moment of the blow and guards the retaining flange from
spalling, which can take place because of the presence of gaps in
the hammer guide and mountings.

As a compensator of spatial variations in the billlets, the
extent cf which depends on the preclsion of the rolling of the metal
rods used in forging, the precision of the cut of these points 1n the
blliet, and the duration of exposure of tie heated metal to forging,
there 1s provided gap A, the size of which is equivalent to the
general fleld cof tolerance in the thickness of the forging D.

FTU=HT=03=296=69
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As a rule, the press grooves are made according to the rated
dimensions of the forglngs with a calculated !.5% shrinkage.
Margins of variance and tolerances in the forging are calculated
according tc the second class of GOST 7505-55. An exception to this
rile 1s the gauglng of forging D used for the stamp grooves of the
forging equal to the minimum size; gap B and angle a must coordinate
with gap A. Devlatlion from thic condition can lead to the tight
Jamming of the stamp at the moment of its free closing, 1.e., when
closing the stamp when there 1s no blllet in the press groove, after
whilch the stamp becomes unsultable for further work because of the
impossibility of i1ts uncoupling.

While there are several advantages 1in flashless forging on
hammers (such as decreasing metal expenditure, lowering labor
consumption and cutting back means and time expended for the
preparatlon of production), thls process also contains a number of
deflclencles, which essentially amount to the following:

1. The inevitable appearance of a burr on that part of the
forging adjacent to the upper plane of the truncated cone of the
press lock. The burr car protrude up to 15 mm and bte 0.2-3.5 mm
thick, depending on the stage of wear of the stamp lock.

2. The possibility of a forging jJamming in the upper cavity
of the stamp groocve. Removing 1t 1s accomplished elther with a blow
of the upper half of the stamp on the following clinched blllet or
with a blow of the upper stamp on a speclal ring (Fig. 2), which 1is
superimposed onto the protruding part of the lock in the lower half
of the stamp. Such a ring 1s made of soft carbon steel. The
interior diameter D of the ring 1is 15-20 mm greater :han the
dlameter of the lower base of the truncated cone of the lock; the
thickness of the ring 1s equai to approximately half the helght of
the lock, and the width of the shell A = l0-5C mm.

3. The necessity of classifying 100% of the forgings accordlng
to the size of the fice of the burr and also the nececsity of
deburring the ferglng in rough-grinding machines, 1f the burr
exceeds the allowable magnitude.

b, “he possibility of a breskdowrn of tne forplng metal denslity

U, Uoe apeny where the Lare Lo located (Filyo ), which cun arlse
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#1th the clegelng or the stamping out of the forging in a cold state

ot hammers or presses.

The presence of the enumerated deficliencies strictly limits
the sphere of application of tnis method of forging, although it is
also more effective in comparison with the common open-die forging
on hammers (Table 1).

r-——-'—.'—“'] & p—

Fig. 2. Fig. 3.

Fig. 2. Ring for removal of forgings stuck in
a press groove,

Fig. 3. Configuration of a forging made by the
method of flashless forging on a hammer:

A — the zone of metal failure when eliminating
burrs in a cold state.

Table 1. Comparative effectiveness of

flashless and open-die drop forging on

hammers.

| Norms
'.

g Stbility |
' hdliurelOutout, in
«;.‘puu bieces/hr ‘:f the press,
giraone in forging !0 pleces |

! Komenclature cf - nent f forgings
| forgings ‘(_a E&, 15 o ° rs ’
]

£
] LR 1 n
' | 5233|8318 32

l 10/ 1.300]
Hub of & couo!ing aisk | }01001,3901 13
| Trensmission reduction |
gears of a cdintribut-
ing hous ing

5.283| 4.589| 115

52 100 | 4000 | 2500
s it 7,150 6:299) 140 | 140 | 7500, 5200
|

b o

Nevertaeless, tne development of the method of drop forging in
amps wlth oa wedpe proove for deburring (Fig. 4), which in recert
vears nas been used more and more, presents a oscerious conpetitor
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Fig. 4. Diagram of the finishing groove
for deburring on the presses for
half-ciosed drop forging on hammers.

Comparative tests of both methods of large-batch production
of forgings, which are produced for forgings for truck transmission
gear assemblies (Fig. 5}, showed obvious advantages of forging in
stamps with a wedge groove for deburring. These stamps undoubtedly
have established for themselves a place in the progressive technology
of the manufacture of stamped forgings on hammers. The coefficient
of resistance to wear ot the forging stamp with the flashless method
is 5200 forgings, and when forging in the presses with a wedge
groove for conditicning the burr it is 7500 forgings.

The cranking hot-forging presses, which have begun to be widely
used in forging production, allow us to set up the miy3t progressive
and economic technnlogical manufacturing processes of droo forgings.

At the present time open-die forging in cranking hot-forging
presses includes a sufficiently large nomenclature of components of
the type of bodies of revolution — symmetrical and nonsymmetrical
in form, and components with elongated axis.

Disposition of the burr b)
a) =5
Fig. 5. Configuration of a forging
of a block for gears, manufactured:
a = by the flashless forging method;
b = in stamps with deburriag.

Flashless forging i1s still under investigation and in this
area there lies ahead prnlonged and tedious work, At the Gorkiy
Automobile Plant more than 20 kinds of forgings are manufactured by
this methcd, and a number of experimental works on further uses of
thls process are also belng carried out.

FTD-HT=23-296-69
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Depending on thelr configuration, all forgings stamped by the
flashless methiod are subdivided into two groups, characterlzed by
the instrument used for thelr manufacture. The first group conslsts
of forgings having the form cf rotating bodles with and without a
core, and the second group — forgings with symmetrical and

nonsymmetrical configurations (Filg. 6).

[Flashluss forgl
n cranking hot-
forging preesss

Sroup orgl Group 2 forgi
pru;ed lnrcsrp::' rnhlod in -pm
natrioes

[ 1

[H of ro-
of § tating ing bodi Symetrical neymsetrical
:‘l’g:&:‘con:. tes with prith & tubulen formg it oo
-, ore .

Fig. 6. Diagram of the distribution of
forgings by group, manufactured in cranking
hot-forging presses.

Drop forging of the type of bodles of rotation without a core
{gears, flanges, rings and the 1like) as a rule 1s carried out in
two operations (Fig. 7). In the first operation the swaging of the
billet 1s executed, in the second — the final forging. Every
operation 1s accomplished with one stroke of a slide press. In the
operation of the final pressing there 1s provided a compensator
ring K, the back side of which rests on plate springs, creating
counterpressures at the moment of stamplng. The gaps between the
surfaces of the compensator ring and the surfaces of different
components of the stamp adlacent to 1t 1n the working zone are equal
tc 0.15 mm on a side. The gap between the contalner and the casting
die (2 174 mm) 1is 0.3 mm on a side.

The advantages of the examined stamping method over the methods
of manufacture of similar forgings on hammers or on horizontal
forging machi.ies are characterized Ly properties presented in

Table 2.

Forgings of the rotating-body type vwith a solid core are usually
stamped in two operations (Fig. 8). 1In the flrst operation there
sceurs the partial pressing o the pear, where the symmetry

FUU=HT =2 3=200=b {
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necessary for subsequent stamping is imparted to the remaining
elements of the billet; in the second the final pressing of gears
and flange casting take place. Sometimes, in selecting billet
diameter and length, preliminary swaging of the billet is carried .
out to produce a dlameter approaching that of the container of the
first operation matrix. Swaging is accomplished in flat matrices
of the stamp. The gauge of the swaging is controlled by the fixed
measurements of the stamp without any limitation by matrices. The
compensator, when stamping similar forgings, is situated at the

erd of the pressed gear. The height of compensator K is determined

by the difference between the minimum and maximum volumes of a
billet.

]

I
-
Z
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Fig. 7. Operations of flashless
forging of gears on a cranking hot-
forging press force of 2500 tons:

a — first operation — swaging of the
billet; b — second operation — final
forging.

Table 2. Fundamental advantages of flashless
drop forging of first ard reverse gears on a
cranking hot-forging pass (CHFP) in
comparison with forging on a horizontal
forging machine (HFM) and on hammers.

’ Methode of

sanufacture of
__ forging
Flush- |¥lash- jOpen-
lese (lems Eio on
on CHFP on HM ors

Indexes

lass of manufacturing precieton | | !
fof forginss aceording to f0ST | | ! l
71508 55 i 2. 2
veight of forgings tn kg . 4,070 ' 5,400 | 5,325 ;
Nomm of expenditure of metal in | |
tre sarufectire of 1 forging, in ked.445 | 5,740 6,500 E
roductivity of drop foraing in
l' pleces ’no.n{- p 185 | 143 [ 160
I I ]
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The excess of metal (compensator) is cut away in a special
stamp. The gap at the side between the matrix contalner and the
die in both operations is equal to 0.2% of the diameter of the
container. The gap between the withdrawirg device and the aperture
underneath the core in the matrices is 0.4-0.5 mm. The opening for
the pressed gear in the matrix of the second operation can be up to
1% greater than the opening in the matrix of the first overation.

Until a factory's acquisition of cranking drop forging presses
the forged plece under consideratlien is manufactured in a horizontal
forging machine (Fig. 9).

e 198 — ey

3 ; > " stamping of a planetary
W a3/ end % transmission driveshaft
2] on a 2500-ton CHFP:

PI“ a — first operation —
extrusion of the rod;
PYel) b — second operation -~
stamping of the flange.

§

Lli

| r ooy - 1
3, .00 2l 4 Fig. 8. Operations of
l .
|
|

b)

Then the initial billet, which has a diameter of 60 mm and a
length of 308 mm is preliminarily turned on a lathe until it has
acquired the final dimensions of the forging according to the length
of the gear (177 mm) and length of the collar (24 mm). The
application of such technology depends on the fact that for flange
heading from a blllet with a dlameter of 27 mm there were required
a great number of processes which were not placed on first priority
on the HFM,

The advantage of the flashless method of pressing on the CHFP
f.r the manufacture of forgings of the planetary transmission
driveshafrt (Fig. 8) in comparison with the heading of such a
component on the HFM i: cbvious from the data given in Table j.

BT 3= 0060 8
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Fig. 9. Operations of

the heading of a planetary
transmission driveshaft

on an HFM:

a — first oreration — swaging
of the billet to a cone;

b — second operation — swaging
of the billet to a cylinder;

¢ — third operation — forming
of the flange.

Taole 3. Comparative indexes of drop
forgings of planetary trensmissiocn
driveshafts on a CHFP and an HFM.

Methiod ©f production

Indexee Preseing | Heading
on CHFP on HMM

'muc of accurecy of forgings pndul-
tion eccording to GOST 7505-55 | 1 ]
™ of metal expenditure in manufaq-
turing 100 forgings par kg 2,97 7.08
Stamp output in pieces/hour

i 100 86

More complicated, but also more interesting, are the processes
of flashless pressing of forgings of the type of rotating bodies
with a tubular core. Figure 10 depicts the stamping operations of
a journal of the rotating cam of a truck by the press method on 2
CHFP. To carry out every operation one strike of the press slide 1is
made. In the first operati.n the swaging of the billet in flat
matrices is done; in the second — the making of a rough draft and
giving to the bille: the symmetry of a rotating “ody, necessary for
the correct embossing of the subsequent operations; in the third -
the punching out of an opening and pressing a tubular core; in the
fourth — *ne final forming of &ll elements of the forgings.

As in the previous case, there is a compensator for eliminating
the volumetric variation of the billets in the end of the tubular

core of the forging. The depth of the cavity of the compensator 1is

made Ly meaas of decreasing the calculated length of the ring of the

lower withdrawing device of the press,

PIDelT-2 3209067 J
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Fig. 10. Forging operations of the journal of a
turning cam on the CHFP with a force of 2500 tons:
a — first operation - billet swaging; b — second
operation — cutting the rough stock; ¢ - third
operation — penetrating the opening and pressing
the gear; d — fourth operation - final forming of
the forging.

Drop forging processes si..llar to those mentioned above are
carried out in stamps which have sllding casting dies.

The difference between the diameter of the casting die and the
ilameter c¢f the contalner in matrices of the seceond, third and fourth
operations comprises 0.25% of the diameter of the container of the

#lven operation.

“ne examined process in comparison with the process of

1ot

neading o fournnl at GEN hnas oa numeer of advantages, shown %p

T
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Table 4, characterizing the cost of producing forgings according to
the elements of expenditures.

Despite the obvious advantages of the method of flashless
pressing in closed matrices, the latter possesses one definite
shortcoming — 1lnevitably in the forgings the tip of the burr will
alwzys arise in each operatlon of the forging. The magnitude of
the burr 1s found to be in direct relation to the size of the gap E
(Fig. 11la) which, in turn, depends on the following factors:
accuracy of manufacture of the instrument and accuracy of maintaining
axial alignment of the grooves of the upper and lower halves of
the stamp; and warming up stages of the m¢ .rices and dles in the
work process.

For lessening the influence of the first factor on the size of
gap E elastic binding of the casting dies 1s used (Fig. 12) or a
corresponding gap between the die and the dle-holder 1s selected
when applyling stamps with plercing dies.

Table 4. Comparative cost of forging
production of a Jjourrnal for a turning
cam (100 units).

| Metrods of forg- !
ing production
Elements of expense

Total 4n rudblee . . . . .

H “Press- Head- |
mg on |
| ;ﬁwv;
i i

Norm of metal expenditure in kg 11128,70 ' 1374.00
Weiht of forgines in kg | 1046,00 | 1289,00 |
Cost of metal in rublee | 101,58 | 123,66 |
IWages with extra coste in rublee f 3_33 | 3.59 |
Coet of working medium in rutlee 2,52 | 5,77 !
Ccst of the instrument in rutlee i 9,32 6,60 !
Amortized dedustions in rubles I 7,69 4,58 |
| 1

I

124,04 | 144.20;

For reducing the influence of the second factor intenslve
cooling of contalners and forming dies iz applled, using water and
compressed air, where the water either mcves directly to the surfaces
of the contalrer mounting (¥Fiy., 11b) or withdraws heat through the
clamps of the mounting bindings (Flg. 11a). Compressed alr passes

directly to the worklngy surfacec cg vhe contalirers: and dilies.

FTD=HT=03=296=69 Cr
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! Flg. 11. Methods of feeding
cooling water to the mountings
of the contalners:

a — withdrawal of heat by water
through the clamp of the
container mounting; b — feeding
water directly to the wall of
the container; 1 — container
mounting; 2 — container mounting
clamp; 3 — punching die.

However, despite the cooling methods used, the possibility of
completely eliminating gap E between the contalner and the casting
die (see Filg. 1la) does not present 1itself. In practical work the
gap 1s formed on the basls of the working dliameter of contalner D
and 1s equivalent to 0.25% of the container.

The presence of the facing burr, especially in a multi-phase
pressing process when in each subsequent operation a burr forms on
the body of the forging, polnts out the necessity of using increased
machining allowances from the side of the forging surface adjoining
the working plane of the casting die.

In recent years much work has been conducted on the realization
of the processes of hot pressing of forgings in split matrices. The
successful adoptlion of this methed of forging by industry depends

on the positive rescliution of a number of factors.

The principal factors: the absence of reliable and efficilent
equipment for rigld fastenlng of the matrix halves during the
emvossing of a ferging: the presence of a facing burr; the difficulty
of obtaining the required accuracy of the joining matrix planes
in stamps for pressing nonsymmetrical forgings; the intensity with

wi.lch the worklug parts of pressing dies heat up during the work

frocess; the conslderable extent of varlations in billlets, which
{. dependent uporn the prenlsion of dimensions of the initial section
U metal, the accuracy of i1ts cut In the billet and the stabllity of

<te headingy recsime of the metal for stamping.
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OUperatlions on mastering the process of pressing billets forp #

crosspleces of truck differentials for thelir subsequent stamping in h

ordinary open-die matrices, conducted by us jolntly with the 1
Experimental Sclentific Research Institute of Forging-and-Pressing
Machinery (ENIKMASh) confirmed the stated concluslons. 1

Figure 13 shows a diagram of flashless pressing of the billet

of a differentjal crossplece. In the original version gap A was
made equal to 0.015-0.C20 mm on a side. 1In the beginning of a test A

of such a stamp, when pressing the second forging, the working part
of the die heated up intensely and the dile, due to insufficient
strength of the springs which provided tbhz opening of the half--matrix,
wedged in the contalner. With the zim of eliminating this shortcoming,
gap A was increased to 0.15 mm, and testing of the stamp continued.
nfter the manufacture of 10-15 forgings there began to appear in

gap A a burr, whose size after manufacturing 2000 forgings reached
7-10 mm. Besides that, the burr appeared also on the Jolning planes
of the upper and lower matrices, and during the testing 1t was
observed that when forging blllets at a lower temperature the
magnitude of the burrs was less than when forging billets at a high

temperature,

Fig. 12. Elastic
fastening of extrusion
punches: {
1 = punch holder;
2 — clamp nut;

J 3 - extrusion punch.

Loeation of compensetors

Fig. 13. Diagram of flashless
die forging of blanks for &
differentlal U-joint on a 1
1600~-ton CHFP,

[RR R
FTU=HT= 2 3=296=6 4 s




Fig. 14. Diagram of flashlecs
forging of a cardan fork.

Figure 14 shows ine fork of a cardan shaft of a truck, the
manufacture of which is accomplished by the method of flashless
pressing in split matrices. Preliminary tests of the stamp intended
for the realization of such a process showed some results better
than those obtained from stamping by the ENIKMASh. Improved results
were attained by means of making sturdier fastening equipment for
the upper and lower matrices, and also by means of setting the
pressing die B and the circular compensator C in those cavities
of the stamp groove which are most difficult to fill with metal.
However, although the half-matrices were rigidly fastened during the
forging process, the appearance of a burr on the line of the
Joint A was not completely eliminated due to the inaccuracy of the
Joining planes of the retainers of the upper and lower matrices, and
also because of the uneven warming up of the matrices during the

WOrK process.

In an analogous scheme the forging of turning cams of trucks
and a number of different forgings 1s adapted.

The operatlons carried out in the mastering of processes of
hot flashless drop forging allow us to arrive at the following
conclusions:

1. Flashless drop forging on hammers for large-batch and mass
production cannot be a progressive process. The presence of a
facing burr, occurring in the working zone of the Joining of the
stamps, hampers the machining of forgings, and thelr removal in a
forge shap requires additlional expenses which, in the majority of
ses, are hipher than the savings achieved by Introducing thils

rnethoed of forgling.
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Such a process of forging manufacture can be justified only in
cases of the manufacture of small serles of forgings with their

subsequent machining in multi-purpose machines, without applying
complex speclal devices.

In large-batch and mass production with its great work tempo it
is more expedlent to employ semi-flashing forging using stamps with
a wedged sample for deburring which allows us tc obtain that
effectiveness achieved with flashless forging.

2. The processes of hot flashless pressing of forgings on the
CHFP in closed and spilt matrices are obviously the next stages of
the further development of forge-stamping production.
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